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(54) Optical information recording medium and method for producing the same, method for 
recording and reproducing information thereon and recording/reproducing apparatus 



(57) An optical information recording medium of the 
present invention includes a lower protective layer (2), 
a recording layer (3), an upper protective layer (4), an 
intermediate layer (5) and a reflective layer (6) in this 
order from the side near the transparent substrate (1). 
Of the upper protective layer, the intermediate layer and 
the reflective layer, the heat conductivity of the layer (4) 
closest to the recording layer is the smallest of the three 
layers, and heat conductivities of the others of the three 
layers increase with increasing distance from the re- 
cording layer, and the thickness of the recording layer 
is from 4nm to 1 6nm. 
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Description 

[0001] The present invention relates to an optical information recording medium that allows recording and reproduc- 
tion of information signals with high signal quality by irradiating a thin film formed on a substrate with high energy light 
s beams such as laser beams, a method for producing the same, a method for recording and reproducing information 
thereon and an optical recording/reproducing apparatus. 

[0002] When a thin film made of a chalcogen material or the like formed on a substrate is heated locally by being 
irradiated with laser beams while irradiation conditions are adjusted, a phase change between an amorphous phase 
and a crystalline phase, which have different optical constants (refractive index n, extinction coefficient k), can be 

10 effected in the irradiated portion. Utilizing the phase change, a medium for high speed and high density information 
recording that detects a difference in the amount of reflected light or the amount of transmitted light with respect to 
light at a specific wavelength as a signal, and a method for utilizing the medium have been under development. 
[0003] In the phase change recording, modulating laser output between two levels for recording and erasing in ac- 
cordance with an information signal and irradiating information tracks with the laser output allow new signals to be 

is recorded while erasing existing signals (e.g., Japanese Laid-Open Patent Publication (Tokkai-Sho) No. (JP-A-) 
56-145530). This method is advantageous in that a magnetic circuit, which is required for magneto-optic recording, is 
not required so that a recording-reproducing head can be simplified, and that a rewriting period can be shortened 
because erasing and recording are performed simultaneously. 

[0004] In order to perform phase change recording in high density, the following approach is used: A small recording 

20 mark is formed by using a light source with a short wavelength for recording or an object lens with high NA (numerical 
aperture), or the like, so that the linear density in the circumferential direction and the track density in the radial direction 
of a disk-shaped substrate can improve. Furthermore, "mark edge recording 1 where information is based on the length 
of a recording mark has been proposed for higher density in the circumferential direction, and "land and groove re- 
cording" where both grooves for guiding laser light and lands between the guide grooves on the substrate are used as 

25 recording tracks has been proposed for higher density in the radial direction. 

[0005] It is important not only to achieve high density, but also to improve an information processing rate, namely, 
the rate at which information is recorded and reproduced. Research to achieve higher linear velocity for recording and 
reproduction by rotating a disk at a high revolution per minute without changing the radial position is under way. 
[0006] Furthermore, a recording medium whose capacity is doubled by laminating a plurality of recordable information 

30 layers via separating layers (e.g., JP-A- 9-212917) and layer-identifying means or layer-switching means that selects 
one of these information layers for recording and reproduction (e.g., JP-A- 7-82248) have been proposed. 
[0007] When high density for recording is pursued excessively, problems such as ove rwrite distortion or deterioration 
due to repetition may be caused. In particular, when forming a recording mark in a track, a recording mark that has 
been recorded in an adjacent track may be erased partially. This phenomenon (hereinafter, referred to as "cross erase") 

35 \ s more significant as the gap between tracks is made smaller in order to improve the recording density in the radial 
direction. Especially in the land and groove recording, the gap between recording marks in the radial direction is about 
half of that in the case where information is recorded either in grooves or lands, so that the cross erase becomes 
significant 

[0008] The cross erase is caused by the fact that a laser light spot focused for recording affects a track adjacent to 
40 a targeted track for recording information. More specifically, direct heating of the adjacent track by the laser light or 
indirect heating of the adjacent track by heat conduction from the targeted track is believed to cause the cross erase. 
[0009] In the case of overwriting by the same laser light, an amorphous portion and a crystalline portion have different 
optical absorptances, and the latent heat of melting is consumed by the crystalline portion. Therefore, a difference in 
the end-point temperature between the amorphous portion and the crystalline portion results when they are irradiated 
45 with laser light with the same power, so that when overwriting, the mark edge positions are not uniform due to the 
influence of a signal that was recorded before the overwriting. This leads to an increase in errors (jitters) in the time- 
axis direction of reproducing signals or deterioration in the erasure ratio. This phenomenon causes a large problem 
when high linear velocity and high density for recording are pursued, especially when the mark edge recording system 
is adopted. 

50 [001 0] In order to solve this problem, it is necessary to equalize the end-point temperatures in the crystalline portion 
and the amorphous portion when they are irradiated with laser light with the same power. For this end, it is necessary 
that a light absorptance ratio Acry/Aamo of the absorptance Aery in the crystalline portion to the absorptance Aamo 
in the amorphous portion is larger than 1.0 when they are irradiated with laser beams with a wavelength X in order to 
compensate for the latent heat of melting in the crystalline state. In addition, it is desirable that a reflectance difference 

55 AR = Rcry - Ramo between the reflectance Rcry in the crystalline portion and the reflectance Ramo in the amorphous 
portion is large when they are irradiated with laser beams with a wavelength X in order to obtain a high C/N ratio. 
[001 1] As conventional techniques for raising both Acry/Aamo and AR, a three-layered structure without a reflective 
layer (JP-A- 3-113844 and JP-A-5-298748), a reflective layer composed of a material having a low reflectance, or a 
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four-layered structure including a reflective layer having a sufficiently small thickness (JP-A- 4-102243 and JP-A- 
5-298747) have been proposed. 

[001 2] However, the above-mentioned approaches do not necessarily achieve sufficient recording and reproducing 
characteristics even if both Acry/Aamo and AR become large. For example, when the thickness of the reflective layer 
is small or when the heat conductivity of the reflective layer is low, so-called cooling ability that allows heat generated 
by light absorption of a recording layer to escape to the reflective layer is insufficient, thus disturbing the change to an 
amorphous state. This phenomenon occurs significantly in the front end portion of an amorphous mark, and the width 
of the front end portion of the mark becomes smaller than that of the rear end of the mark, thus causing an imbalance. 
Furthermore, this phenomenon causes not only the physical dislocation of the mark edge position from the intended 
position, but also the non-uniformity of the mark width results in significant dislocation of the edge position as an electric 
signal, thus leading to an increase of jitter. This is detrimental to recording in high density and at a high linear velocity 
rate. 

[0013] Therefore, with the foregoing in mind, it is an object of the present invention to provide an optical information 
medium suitable for recording and reproducing information in high density and with reduced cross erase. Furthermore, 
it is another object of the present invention to provide an optical information recording medium that allows information 
to be recorded and reproduced with a high erasure ratio and a small level of jitter in overwriting in high density and at 
a high linear velocity. Furthermore, it is another object of the present invention to provide a method for producing these 
optical information media and a method for recording and reproducing information thereon, and an optical information 
recording/reproducing apparatus utilizing the optical information recording media. 

[0014] A first optical information recording medium of the present invention includes a transparent substrate and a 
multi-layered film formed on the transparent substrate. The multi-layered film includes a lower protective layer, a re- 
cording layer that changes reversibly between different states detectable optically by irradiation of light beams, an 
upper protective layer, an intermediate layer and a reflective layer in this order from the side near the transparent 
substrate. Of the upper protective layer, the intermediate layer and the reflective layer, the heat conductivity of the layer 
closest to the recording layer is the smallest of the three layers, and the heat conductivities of the others of the three 
layers increase with increasing distance from the recording layer. More specifically, the order of the level of the heat 
conductivity corresponds to the order of the distance from the recording layer. For example, the third closest layer has 
the third lowest heat conductivity, etc. The thickness of the recording layer is from 4nm to 16nm. 
[0015] This embodiment of the optical information recording medium accelerates the heat conduction from the re- 
cording layer in the thickness direction of the multi-layered film, and the cross erase can be reduced. A preferable 
thickness of the recording layer is from 6nm to 14nm. 

[0016] A second optical information recording medium of the present invention includes a transparent substrate and 
a multi-layered film formed on the transparent substrate. The multi-layered film includes a lower protective layer, a 
recording layer that changes reversibly between different states detectable optically by irradiation of light beams, an 
upper protective layer, a light absorption layer and a reflective layer in this order from the side near the transparent 
substrate. The difference An = n 1 - n 2 between the refractive index n 1 of the light absorption layer and the refractive 
index n 2 of the reflective layer at a wavelength X of the light beams is from 2 to 6. The thickness of the reflective layer 
is not smaller than the thickness of the light absorption layer. This optical information recording medium can provide 
large Acry/Amo together with large AR, and a sufficient cooling effect. As a result, an optical information recording 
medium that allows information to be recorded and reproduced with a high erasure ratio and a small level of jitter in 
overwriting in high density and at a high linear velocity can be provided. 

[0017] In the second optical information recording medium, it is preferable that the light absorption layer has a thick- 
ness 6, in a range of 0,1A/(n 1 k^dj < 1.0A/(n, • k^ where k, is an extinction coefficient of the light absorption layer. 
This preferable embodiment provides satisfactory values for ail of the C/N ratio, the erasure ratio, and the jitter. 
[0018] A third optical information recording medium of the present invention includes a transparent substrate and a 
multi-layered film formed on the transparent substrate. The multi-layered film includes a lower protective layer, a re- 
cording layer that changes reversibly between different states detectable optically by irradiation of light beams, an 
upper protective layer, a light absorption layer and a reflective layer in this order from the side near the transparent 
substrate. The light absorption layer has a thickness d, in a range of 0.1*/^ - kj)^ < 1.0A/(n t - k,), where X is a 
wavelength of the light beams, and n, and kj are a refractive index and an extinction coefficient, respectively, of the 
light absorption layer at the wavelength X 

[0019] The optical information recording medium of the present invention may include a plurality of recording layers, 
or may include two or more information layers, each of which is composed of a multi-layered film including a recording 
layer. In this case, it is preferable to laminate the two or more information layers via a separating layer. Such an optical 
information recording medium includes, for example, a transparent substrate and a multMayered film formed on the 
transparent substrate, and the multi-layered film includes a first information layer, a separating layer and a second 
information layer in this order from the side near the transparent substrate. 

[0020] When two information layers are provided as described above, it is preferable to apply the structure of the 



EP 0 978 831 A2 



multi-layered film to the second information layer, although not limited thereto. It is important that the second information 
layer positioned farther from the side of the transparent substrate, to which laser light is incident, is highly sensitive. 
In the multi-layered film, the intermediate layer or the light absorption layer absorbs laser light as well as the recording 
layer, so that the temperature of the recording layer can be raised easily. Therefore, good sensitivity can be obtained. 
s Furthermore, in the multi-layered film, the recording layer heated by laser light can be cooled easily due to the reflective 
layer that has a high heat conductivity. Therefore, the heat diffusion in the recording layer does not increase, and the 
deterioration in the cross erase characteristics can be suppressed. 

[0021] A first method for producing an optical information recording medium of the present invention includes the 
steps of forming a multi-layered film on a transparent substrate, the multi-layered film including a lower protective layer, 

10 a recording layer that changes reversibly between different states detectable optically by irradiation of light beams, an 
upper protective layer, an intermediate layer and a reflective layer in this order from the side near the transparent 
substrate. Of the upper protective layer, the intermediate layer and the reflective layer, the heat conductivity of the layer 
closest to the recording layer is the smallest of the three layers, and the heat conductivities of the others of the three 
layers increase with increasing distance from the recording layer. The thickness of the recording layer is from 4nm to 

is 1 6nm. This production method can provide an optical information recording medium with reduced cross erase. 

[0022] A second method for producing an optical information recording medium of the present invention includes 
the steps of forming a multi-layered film on a transparent substrate, the multi-layered film including a lower protective 
layer, a recording layer that changes reversibly between different states detectable optically by irradiation of light beams, 
an upper protective layer, a light absorption layer and a reflective layer in this order from the side near the transparent 

20 substrate. The difference An = n t - n 2 between the refractive index n, of the light absorption layer and the refractive 
index of the reflective layer at a wavelength X of the light beams is from 2 to 6. The thickness of the reflective layer 
is not smaller than the thickness of the light absorption layer. This production method achieves an optical information 
recording medium that allows information to be recorded and reproduced with a high erasure ratio and a small level 
of jitter in overwriting in high density and at a high linear velocity. 

25 [0023] A third method for producing an optical information recording medium of the present invention includes the 
steps of forming a mufti-layered film on a transparent substrate, the multi-layered film including a lower protective layer, 
a recording layer that changes reversibly between different states detectable optically by irradiation of light beams, an 
upper protective layer, a light absorption layer and a reflective layer in this order from the side near the transparent 
substrate. The light absorption layer is formed so that O.IX/^ k^^d^LOV^ ■ k^is satisfied, where d,, isathickness 

30 of the light absorption layer, X is a wavelength of the light beams, and ^ and k t are a refractive index and an extinction 
coefficient, respectively, of the light absorption layer at the wavelength "L 

[0024] The above-described production methods can be applied to an optical information recording medium including 
two or more information layers. In this case, it is preferable that the method includes the steps of forming a first infor- 
mation layer on a transparent substrate; forming a second information layer on a protective substrate; and attaching 
35 the transparent substrate and the protective substrate via a separating layer, thereby forming the first information layer, 
the separating layer and the second information layer on the transparent substrate in this order. In this case, the 
protective substrate can function as a layer for protecting the information layer. Furthermore, the above-described 
production methods can be applied to a method for producing the second information layer. 

[0025] A method for recording and reproducing an optical information recording medium of the present invention is 
40 used with an optical information recording medium of the present invention. The method is characterized in that when 
the intensity of the light beams is represented by power level P^ that can melt an irradiated portion instantly, power 
levels P 2 and P 3 (where P 1 > P 2 ^ P 3 ^ 0) that cannot melt an irradiated portion instantly, and power level P 0 (where 
p i > p o > 0) that does not change an optical state of a recording mark and provides reflected beams sufficient to 
reproduce the recording mark by irradiation, at least one recording mark to be recorded in the recording layer is formed 
45 with a recording pulse train consisting of a group of pulses generated by modulating the light beams between the power 
levels P 1 and P 3 . When the recording mark is not to be recorded, the light beams are maintained at the power level 
P 2 , and information recorded in the recording layer is reproduced by irradiating the light beams at the power level P 0 . 
[0026] Thus, rt is possible to record and reproduce information while suppressing the cross erase by forming a re- 
cording mark with a pulse train generated by modulating the intensity, and removing extra heat so as to equalize the 
50 mark width, especially when a long mark is formed. 

[0027] The above-described production methods can be applied to an optical information recording medium including 
two or more information layers. In this case, the light beams are incident from the side of the transparent substrate, 
and the state of the recording layers included in the first information layer and the second information layer can be 
changed. 

55 [0028] An apparatus for recording and reproducing an optical information recording medium of the present invention 
includes an optical information recording medium of the present invention, a light beam generator for generating light 
beams with which the optical information recording medium is irradiated, and a light beam intensity modulator for 
modulating the intensity of the light beams. When the intensity of the light beam is represented by power level P^ that 
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can melt an irradiated portion instantly, power levels P 2 and P 3 (where P t > P 2 ^ P 3 ^ 0) that cannot melt an irradiated 
portion instantly, and power level P 0 (where P t > P 0 > 0) that does not change an optical state of a recording mark and 
provides reflected beams sufficient to reproduce the recording mark by irradiation, in the case where information is 
recorded by forming a recording mark in the recording layer, the light beam intensity modulator modulates the light 
beams between the power levels P-, and P 3 , so as to generate a recording pulse train consisting of a group of pulses, 
thereby forming at least one recording mark. When the recording mark is not to be recorded, the light beam intensity 
modulator maintains the intensity of the light beams at the power level P 2 . In the case where the information recorded 
in the recording layer is reproduced, the light beam intensity modulator maintains the intensity of the light beams at 
the power level P 0 . 

[0029] The above-described apparatuses can be applied to an optical information recording medium including two 
or more information layers. In this case, the light beam generator can be provided on the side of the transparent 
substrate so that laser light is incident from the side of the transparent substrate. 

[0030] As described above, the present invention can provide an optical information recording medium suitable for 

recording and reproducing information in high density and with a small level of cross erase. Furthermore, the present 

invention can provide an optical information recording medium that allows recording and reproducing of information 

with a high erasure ratio and small jitter in overwriting in high density and at high linear velocity In addition, the present 

invention can provide a method for producing these optical information recording media, a method for recording and 

reproducing information on an optical information recording medium suitable for the media of the present invention, 

and an apparatus for recording and reproducing information on an optical information recording medium. 

[0031] These and other advantages of the present invention will become apparent to those skilled in the art upon 

reading and understanding the following detailed description with reference to the accompanying figures. 

[0032] Fig. 1 is a partial cross-sectional view of an embodiment of an optical information recording medium of the 

present invention. 

[0033] Fig. 2 is a partial perspective view of an embodiment of an optical information recording medium of the present 
invention. 

[0034] Fig. 3 is a partial cross-sectional view of another embodiment of an optical information recording medium of 
the present invention. 

[0035] Fig. 4 is a drawing showing the structure of an embodiment of an optical information recording/reproducing 
apparatus of the present invention. 

[0036] Fig. 5 is a waveform chart applied to a method for recording and reproducing information on the optical infor- 
mation recording medium of the present invention. 

[0037] Fig. 6 is a partial cross-sectional view of still another embodiment of an optical information recording medium 
of the present invention. 

[0038] Fig. 7 is a partial cross-sectional view of yet another embodiment of an optical information recording medium 
of the present invention. 

[0039] Fig. 8 is a partial cross-sectional view of another embodiment of an optical information recording medium of 
the present invention. 

[0040] Hereinafter, preferred embodiments of the present invention will be described by way of example only. 
First Embodiment 

[0041] In this embodiment, a first optical information recording medium of the present invention will be mainly de- 
scribed. As a result of the study of various layer structures of a multi-layered film formed on a substrate, the inventors 
found that the cross erase is influenced significantly by the relationship between the thickness of a recording layer and 
the heat conductivity of layers closer to the air side (the side opposite to the substrate) than the recording layer is, and 
achieved the medium of this embodiment. 

[0042] In the optical information recording medium, the thickness of an upper protective layer preferably is 10nm or 
more. When the upper protective layer is excessively thin, the distance between the recording layer and an intermediate 
layer is too short, so that the heat conduction from the recording layer to the intermediate layer is eventually suppressed 
due to an influence of heat that the intermediate layer itself has. The thickness of the upper protective layer preferably 
is 200nm or less. 

[0043] Furthermore, the optical information recording medium preferably further includes an interface layer formed 
in contact with the recording layer. The interface layer is formed at least either between the upper protective layer and 
the recording layer or between a bwer protective layer and the recording layer. It is preferable that the interface layer 
comprises Ge to prevent mutual diffusion of atoms between the upper protective layer and/or the lower protective layer 
and the recording layer. The interface layer preferably comprises at least one selected from the group consisting of 
Ge, Si, Cr, Ti and Al. 

[0044] Furthermore, in the optical information recording medium, it is preferable that the recording layer comprises 
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Ge, Sb and Te, because these materials are suitable for erasing and recording performed simultaneously in the re- 
cording layer. More preferably, the recording layer comprises Ge, Sb and Te as main components and further contains 
6.0 at% or less of N to improve the repetition characteristics. 

[0045] Furthermore, in the optical information recording medium, it is preferable that the upper protective layer and/ 
s or the lower protective layer contain 60 to 100 moi% of ZnS and 40 to 0 mol% of SiCfe. Such a protective layer has 
excellent heat resistance, an appropriate heat conductivity and a refractive index appropriate to adjust the optical 
characteristics of the medium. 

[0046] Furthermore, in the optical information recording medium, it is preferable that the reflective layer comprises 
at least one selected from the group consisting of Au, Ag, Cu and Al. Alloys comprising these metals can be used. 

10 [0047] Furthermore, in the optical information recording medium, it is preferable that the intermediate layer comprises 
at least one element selected from the group consisting of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Os, Al, Ga, In, C, Si, 
Ge, Sn, Pb, Sb and Bi. More specifically, it is preferable that the intermediate layer comprises at least one compound 
selected from the group consisting of oxide, nitride, carbide, sulfide, fluoride, selenide and telluride comprising at least 
one selected from the above-mentioned elements, or a compound consisting of at least two elements selected from 

*5 the above described elements such as Ge-Cr and Si-W. The intermediate layer is formed of a material having a heat 
conductivity between the heat conductivity of the upper protective layer and the heat conductivity of the reflective layer. 
[0046] Furthermore, in the optical information recording medium, it is preferable that the reflectance difference (Rcry- 
Ramo) is 5% or more (5 points or more in representation by %), and the absorptance ratio (Acry/Aamo) is 1 .0 or more, 
where Rcry and Aery are a reflectance that is a ratio of light beams reflected by the recording medium and an ab- 

20 sorptance that is a ratio of light beams absorbed by the recording layer, respectively, when the recording layer is 
crystalline, and Ramo and Aamo are those when the recording layer is amorphous. This preferable example solves 
the problem of non-uniformity of the mark edge positions at the time of overwriting. 

[0049] In a method for producing the optical information recording medium of the present invention, it is preferable 
that the recording layer is formed at a rate of 200nm/min or less in order to ensure the precision in the thickness of the 
2$ recording layer. 

[0050] It is preferable to form the recording layer in an atmosphere containing inert gas and nitrogen gas, where the 
content of the nitrogen gas is adjusted so that the recording layer contains 6.0at% or less of nitrogen atoms. 
[0051] In the method for recording and reproducing information on the optical information recording medium of the 
present invention, it is preferable that at least a part of a recording pulse train is generated so that the pulse widths 
30 and the pulse intervals are substantially identical to other widths and intervals. 

[0052] In the method for recording and reproducing information on the optical information recording medium, it is 
preferable to provide a cooling section of a power level P 4 (P 2 > P 4 ^ 0) immediately after the last pulse of the recording 
pulse train. 

[0053] Hereinafter, this embodiment will be described more specifically with reference to the accompanying drawings. 

35 [0054] Figs. 1 and 2 are a partial cross-sectional view and a partial perspective view of an optical disk of this em- 
bodiment. As shown in Fig. 1, this optical disk includes a transparent disk substrate 1, a lower protective layer 2, a 
recording layer 3, an upper protective layer 4, an intermediate layer 5 and a reflective layer 6. These layers are laminated 
sequentially on the transparent disk substrate 1 . In addition, an overcoat layer 7 is provided thereon. As shown in Fig. 
2, since grooves 8 having a depth D are formed on the substrate 1, concave portions and convex portions, which 

40 extend in parallel to each other, are formed on the surface of a multi-layered film 10 including the above-described 
layers as the grooves 8 and lands 9. The recording layer 3 is irradiated with laser light as light beams from the side of 
the substrate 1 , so as to form a recording mark 11 . As shown in Fig. 2, it is preferable to form the recording marks both 
on the groove 8 and the land 9 to achieve high density recording (land and groove recording). 
[0055] The substrate 1 can be formed of a material such as a polycarbonate resin, a polymethylmethacrylate resin, 

45 a polyolefin resin, an Arton resin, glass or the like. The thickness of the substrate 1 is not limited to a particular thickness, 
but a thickness of 0.1 to 2.0mm is preferable. 

[0056] The lower protective layer 2 and the upper protective layer 4 are formed to prevent increase of noise due to 
thermal damage to the substrate 1 or the recording layer 3 during irradiation of laser light, and to adjust the reflectance 
and the absorptance with respect to the laser light and the phase of reflected light. The protective layers 2 and 4 can 

50 be formed of a dielectric material such as an oxide of Sc, Y, Ce, La, Ti, Zr, Hf, V, Nb, Ta, Zn, Al, Si, Te or the like, a 
nitride of Ti, Zr, Hf , V, Nb, Ta, Cr, Mo, W, Zn, B, Al, Ga, In, Si, Ge, Sn, Pb or the like, a carbide of Ti, Zr, Hf , V, Nb, Ta, 
Cr, Mo, W, Zn, B, Al, Ga, In, Si or the like, a sulfide of Zn, Cd, Ga, In, Si, Ge, Sn, Pb, Sb, Bi or the like, a selenide or 
a telluride, a fluoride of Mg, Ca or the like, a single-element substance such as C, Si, Ge or the like, or a mixture of these. 
[0057] The thickness of the upper protective layer 4 preferably is 10nm to 200nm. When the thickness of the upper 

55 protective layer 4 is too small, heat hardly escapes from the recording layer 3 to the intermediate layer 5 due to the 
heat that the intermediate layer 5 itself has, as described above. Thus, when the heat conductivity in the direction of 
the thickness of the layers drops, the heat diffusion in the plane of the recording layer 3 becomes large, thus leading 
to a possibility that the cross erase may increase. When the upper protective layer 4 is 10nm or more, the cross erase 
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can be in an acceptable range, even if, for example, the track pitch (which is the average of the width of a pair of 
adjacent land and groove (1/2 of a groove pitch), or is equal to a groove pitch when recording is performed only in 
grooves) is 0.6um. As the upper protective layer 4 becomes larger, the cross erase can be smaller. However, since 
the optical characteristics repeat by a cycle of a thickness A/2n {X is a wavelength of laser light, and n is a refractive 
index of the upper protective layer 4), it is industrially disadvantageous to make the thickness larger than necessary 
in order to obtain the desired optical characteristics of the medium. Therefore, the thickness thereof pref erabfy is 200nm 
or less, although this may depend on the wavelength X and the refractive index n. For the reason described above, 
the thickness of the upper layer 4 preferably is from 10nm to 200nm, and more preferably 20nm to 200nm. 
[0058] On the other hand, the thickness of the lower protective layer 2 is not limited to a particular value, but preferably 
is 10nm to 200nm. When the thickness of the lower protective layer is less than 10nm, the substrate may be deformed 
by heat. The reason why a thickness of the lower protective layer of 200nm or less is preferable is the same as the 
reason why a thickness of the upper protective layer of 200nm or less is preferable. 

[0059] The recording layer 3 can be formed of an alloy comprising chalcogenide, a material based on Te or Se, such 
as Ge-Sb-Te, Ge-Te, Pd-Ge-Sb-Te, In-Sb-Te, Sb-Te, Ag-ln-Sb-Te, Ge-Sb-Bi-Te, Ge-Sb-Se-Te, Ge-Sn-Te, Ge-Sn-Te- 
Au, Ge-Sb-Te-Cr, In-Se, In-Se-Co or the like, as a main component. Alternatively, a material where oxygen, nitrogen 
or the like is added to these alloys can be used. 

[0060] The thickness of the recording layer 3 preferabty is 4nm to 16nm. Conventionally, when the track pitch was 
large to the extent that the cross erase did not cause a large problem, a thickness of 20nmor more was advantageous 
to achieve a large optical contrast. However, such a thick recording layer leads to large heat conduction in the in-plane 
direction of the recording layer. Therefore, as the track pitch becomes smaller (e.g., 0.6 um or less), the cross erase 
becomes more significant. A thin recording layer is advantageous in order to reduce the cross erase. Making a thin 
recording layer albws the heat conduction in the in-plane direction of the layer to be reduced. For example, when the 
thickness of the recording layer is 16nm or less, the cross erase can be within an acceptable range even if the track 
pitch is 0.6um However, when the thickness of the recording layer is less than 4nm, not only can the optical contrast 
not be obtained, but also the influence of thickness variation due to repetitive recording becomes large, so that tracking 
becomes unstable, leading to large cross erase. Therefore, the thickness of the recording layer preferably is 4nm to 
1 6nm, more preferably 6nm to 1 4nm. 

[0061] The intermediate layer 5 preferably is formed of a material comprising at least one element selected from the 
group consisting of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Re, Fe, Ru, Os, Al, Ga, In, C, Si, Ge, Sn, Pb, Sb, and Bi, or a 
material comprising at least one compound selected from the group consisting of oxide, nitride, carbide, sulfide, fluoride, 
selenide and telluride of at least one selected from the above-mentioned elements. More specifically, Cr, Mo, W, Ti, 
Zr, Nb, Ta, Ge-Cr, Ge-Mo, Ge-W, Si-Cr, Si-Mo, Si-W or the like can be used. The thickness of the intermediate layer 
5 is not limited to a particular value, but a thickness of 5nm to 100nm is preferable. 

[0062] The reflective layer 6 is formed to adjust the reflectance and the absorptance with respect to laser light, and 
the phase of reflected light, reduce the thermal load in the recording thin film, or the like. The reflective layer can be 
formed of a metal material having a relatively high heat conductivity such as Al, Au, Ag, Cu or the like, or an alloy 
material based on these metal materials. 

[0063] The thickness of the reflective layer 6 is not limited to a particular value, but a thickness of 10nm to 200nm 
is preferable. 

[0064] A suitable material used for each layer can be selected individually from the examples listed above. However, 
as for the reflective layer 6, the intermediate layer 5 and the upper protective layer 4, materials thereof are selected 
so that the heat conductivity of the reflective layer 6 is larger than that of the intermediate layer 5, and the heat con- 
ductivity of the intermediate layer 5 is larger than that of the upper protective layer 4. When the heat conductivity is set 
in such a manner, the heat conduction is accelerated from the recording layer 3 in the thickness direction of the multi- 
layered film. Therefore, the heat conduction in the in-plane direction of the recording layer 3 can be suppressed rela- 
tively, so that the influence on adjacent tracks can be small. 

[0065] As shown in Fig. 3, an interface layer 12 can be provided in the optical information recording medium. The 
interface layer 12 can be provided on both sides of the recording layer 3, as shown in Fig. 3. Alternatively, the interface 
layer 12 can be provided on either one of the sides. The interface layer 12 can suppress atomic diffusion between the 
protective layers 2 and 4 and the recording layer 3, so that the repetition characteristics of the recording medium can 
improve. The interface layer 12 can be formed of a material having a diffusion preventing effect with respect to the 
materials for the protective layers 2^and 4. A material comprising Ge is preferable, and a material comprising a nitride 
of Ge as a main component is most preferable. 

[0066] The thickness of the interface layer 12 is not limited to a particular value, but a thickness of 1nm to 50nm is 
preferable. 

[0067] The layers 2 to 6, and 1 2 can be formed by a vapor thin film deposition method such as a vacuum evaporation 
method, sputtering, ion plating, a CVD (chemical vapor deposition) method, an MBE (molecular beam epitaxy) method 
or the like. Among these, sputtering is most preferable when the advantages and the disadvantages in the film formation 
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rate, the production cost and the quality of the obtained film are balanced. Each layer generally is formed while allowing 
inert gas to flow in a chamber under high vacuum. The layer can be formed while mixing oxygen, nitrogen or the like 
with the inert gas. Thus, oxygen atoms or nitrogen atoms are contained in the film so that the characteristics of the 
film can be adjusted. Especially in the recording layer 3, the mixture of these atoms (e.g., the mixture of 6.0at% or less 
of nitrogen atoms) may be effective to improve the repetition characteristics of the medium or reduce the cross erase. 
[0068] For the optical information recording medium, it is industrially advantageous to form the layers 2 to 6 and 12 
in separate chambers in parallel and sequentially by a single wafer processing film-forming apparatus. In the case 
where this film-forming method is used, even if the recording layer is formed at a relatively low rate, that does not affect 
the efficiency of the whole formation of the films. This is because the thickness of the recording layer 3 is 4nm to 16nm 
and it is, for example, about one order of magnitude smaller than a normal thickness (100nm or more) of the lower 
protective layer 2. Since it is important to control the thickness of the recording layer 3 precisely in order to reduce the 
cross erase, as described above, it is preferable to take at least about 5 seconds to form the recording layer. Thus, a 
film-forming rate for the recording layer of 200nm/min. or less is preferable. 

[0069] An overcoat layer 7 may be provided on the thus formed layers, as shown in Fig. 1 . The layer 7 preferably is 
formed by coating an ultraviolet curable resin. 

[0070] However, the optical information recording medium is not limited to the single plate one-sided disk as shown 
in Fig. 1 , and can be a two-sided disk formed by attaching substrates on which mu Iti-layered films including the recording 
layers are formed as described above so that the surfaces of the films are facing each other with an ultraviolet curable 
resin and/or a hotmelt type adhesive. In this case, it is preferable to attach the substrates via a separating layer to 
prevent the multi-layered films, each of which functions as an information layer, from being in direct contact with each 
other. Alternatively, the present invention can be a one-sided disk by attaching a dummy substrate onto the surface 
on which the multi-layered film is formed via the adhesive as described above. 

[0071 J Fig. 4 is a schematic view of an example of an apparatus for recording and reproducing information on the 
optical information recording medium of the present invention. Laser light 10 emitted from a semiconductor laser 13 
in accordance with an input signal is collimated by collimate lens 14 into parallel beams, and then passes through a 
beam splitter 15, a quarter-wave plate 16, and an object lens 17 sequentially, and then an optical disk 18 is irradiated 
with the light beams. The laser light 10 is focused by moving a voice coil 19 upward or downward. The optical disk 18 
is secured onto a turn table 20. Information signals are recorded and reproduced by irradiating the optical disk 18 that 
is rotated at a predetermined rate by a motor 21 with the laser light. 

[0072] Fig. 5 is an example of a pulse waveform of the laser light for recording of information signals. As shown in 
Fig. 5, the intensity of the laser light is modulated among , P 2 , P 3 and P 4 . P, is a power level that al tows the irradiated 
portion to be melted instantly, and preferably, a power level that allows the irradiated portion to be melted instantly 
even if the portion is irradiated while modulating the intensity at power levels equal to or less than this power level, as 
shown in Fig. 5. P 2 and P 3 are power levels that do not allow the irradiated portion to be melted instantly, and preferably 
that do not allow the irradiated portion to be melted instantly even if the portion is irradiated without modulating the 
intensity. P 4 is a power level for cooling the recording layer immediately after the last recording pulse train. Fig. 5 shows 
an example where the power levels are set so that P t > P 2 ^ P 1 ^ P 4 ^ 0. The intensity of the laser beam can be 
modulated in the manner described above by modulating the driving current of a semiconductor laser. Alternatively, 
an electro-optical modulator, an acousto-optical modulator or the like can be used. 

[0073] However, it is not necessary to form all recording marks with the recording pulse train as shown in Fig. 5, and 
a pulse train for a short mark length can be formed with a single rectangular pulse of power level P v However, it is 
preferable to form a long mark with the pulse train including the power level P 1 as a power peak so that excessive heat 
can be suppressed in order to improve the repetition characteristic and reduce the cross erase. 
[0074] P 2 is a power level at which a recording mark cannot be formed even if light beam is maintained at this intensity 
for irradiation, as shown in Fig. 5. A power level that cannot form a recording mark but can erase a recording mark can 
be set as the power level P 2 . In this case, a recording mark in a portion irradiated with light beams at the power level 
P 2 is erased. 

[0075] For example, in a phase change type optical disk, when an amorphous state is used as the recorded state, 
and a crystalline state is used as the erased state, a power level that can change the recording layer reversibly from 
the crystalline state to the amorphous state can be set as P v and a power level that can change the recording layer 
reversibly from the amorphous state to the crystalline state can be set as P 2 . 

[0076] A cooling section at power level P 4 is provided immediately after the recording pulse train as shown in Fig. 
5. When the power level for cooling is provided, heat can be removed in a mark rear end portion, which especially 
tends to have excessive heat, thus suppressing the cross erase. 

[0077] As the recording pulse train as shown in Fig. 5, when the width and the length of pulses other than the first 
and the last pulses are constant, modulation can be performed with a signal frequency so that modulation means can 
be simplified. 

[0078] Furthermore, mark edge positions may be non-uniform for each pattern of the length of a recording mark, the 
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length of a space before and after the recording mark, and the length of an adjacent mark, thus causing an increase 
of jitter In the method for recording and reproducing information on the optical information recording medium of the 
present invention, it is preferable to adjust and compensate the pulse position or the pulse length of the pulse train, if 
necessary, so as to make the edge positions uniform for every pattern in order to prevent the increase of jitter and 
improve the jitter. 

[0079] Information signals recorded in this manner are reproduced by irradiating the optical disk with laser light (non- 
modulated light) of power level P 0 at which the recording layer 3 is not phase changed, and allowing reflected light 
thereof to be incident to a detector 22 and detecting a change in the amount of the reflected light as a reproduction 
signal 23. 

[0080] The power level of the laser light can be changed, as described above, by controlling the driving current of 
the laser diode. Furthermore, an electro-optical modulator, an acousto-optical modulator or the like can be used as the 
light beam intensity modulating means. 

Second Embodiment 

[0081] In this embodiment, a second and a third optical information recording medium of the present invention will 
be mainly described. 

[0082] In the optical information recording medium, it is preferable to provide an interface layer at least at one interface 
between a lower protective layer and a recording layer and between a recording layer and an upper protective layer. 
This preferable example improves the erasing characteristics. It is preferable that the interface layer comprises at least 
one selected from the group consisting of Ge, Si, Cr, Ti and Al. 

[0083] In the optical information recording medium, the thickness of the recording layer preferably is 4nm to 16nm. 
When the recording layer is excessively thin, the optical contrast or the signal amplitude becomes small. When it is 
too thick, the heat diffusion in the direction of the in-plane of the recording layer becomes large, thus resulting in large 
thermal interference between marks. 

[0084] In the optical information recording medium, the thickness of the upper protective layer preferably is 10nm to 
200nm. When the upper protective layer is excessively thin, heat generation due to light absorption of a light absorption 
layer affects the recording layer, thus resulting in large thermal interference between marks. When it is too thick, a 
cooling effect by a reflective layer becomes small, thus resulting in imbalance between the front end and the rear end 
of a mark. The thickness of the lower protective layer 2 is not limited to a particular value, but preferably is 10nm to 
200nm. 

[0085] In the optical information recording medium, the recording layer preferably comprises Ge, Sb and Te, and 
more preferably comprises Ge, Sb and Te as main components and further comprises 6.0at% of N. 
[0086] In the optical information recording medium, the upper protective layer and/or the lower protective layer pref- 
erably comprises 60 to 100 mol% of ZnS and 40 to 0 mol% of SiC^. 

[0087] In the optical information recording medium, the reflective layer preferably comprises at least one selected 
from the group consisting of Au, Ag and Cu. 

[0088] Furthermore, in the optical information recording medium, it is preferable that the light absorption layer com- 
prises at least one element selected from the group consisting of Ti, Zr, Hf, V, Nb, Ta, Cr f Mo, W, Mn, Os, Al, Ga, In, 
C, Si, Ge, Sn, Pb, Sb and Bi. More specifically, it is preferable that the light absorption layer comprises at least one 
compound selected from the group consisting of oxide, nitride, carbide, sulfide, fluoride, selenide and telluride com- 
prising at least one selected from the above-mentioned elements, or a compound consisting of at least two elements 
selected from the above described elements. 

[0089] Furthermore, in the optical information recording medium, it is preferable that the reflectance difference (Rcry- 
Ramo) is 5% or more (5 points or more in representation by %), and the absorptance ratio (Acry/Aamo) is 1 .0 or more, 
where Rcry and Aery are a reflectance that is a ratio of light beams reflected by the recording medium and an ab- 
sorptance that is a ratio of light beams absorbed by the recording layer, respectively, when the recording layer is 
crystalline, and Ramo and Aamo are those when the recording layer is amorphous. This preferable example solves 
the problem of non-uniformity of the mark edge positions at the time of overwriting. 

[0090] Furthermore, in a method for producing the optical information recording medium of the present invention, it 
is preferable that the recording layer is formed at a rate of 200nnVmin or less in order to ensure the precision in the 
thickness of the recording layer. 

[0091] It is preferable to form the recording layer in an atmosphere containing inert gas and nitrogen gas, where the 
content of the nitrogen gas is adjusted so that the recording layer contains 6.0at% or less of nitrogen atoms. 
[0092] In a method for recording and reproducing information on the optical information recording medium of the 
present invention, it is preferable that at least a part of a recording pulse train is generated so that the pulse widths 
and the pulse intervals are substantially identical toother widths and other intervals. 

[0093] In the method for recording and reproducing information on the optical information recording medium, it is 
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preferable to provide a cooling section of a power level P 4 (P 2 > P 4 ^ 0) immediately after the last pulse of the recording 
pulse train. This preferable example is effective because heat can be removed in a mark rear end portion, which 
especially tends to have excessive heat. 

[0094] Hereinafter, this embodiment will be described more specif ically with reference to the accompanying drawings. 
[0095] Fig. 6 is a partial cross-sectional view of an optical information recording medium of this embodiment. Fig. 7 
is a partial cross-sectional view of another example of an optical information recording medium of this embodiment. 
[0096] As shown in Fig. 6, a lower protective layer 32, a recording layer 33, an upper protective layer 34, a light 
absorption layer 35 and a reflective layer 36 are laminated sequentially on a substrate 31. Further, an overcoat layer 

37 is provided on the reflective layer 36. This disk is irradiated with laser beam 38 from the side of the substrate 31 for 
recording and reproduction of the disk. 

[0097] The substrate 31 , the tower protective layer 32, the recording layer 33 and the upper protective layer 34 can 
be formed of the materials described with reference to the first embodiment. 

[0098] The light absorption layer 35 is formed in order to adjust the reflectance and the absorptance with respect to 
the laser light 38 and the phase of reflected light, or the like. It is preferable that the light absorption layer comprises 
at least one selected from the group consisting of 71, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Re, Fe, Ru, Os, Al, Ga, In, C, 
Si, Ge, Sn, Pb, Sb and Bi, or a material comprising at least one compound selected from the group consisting of oxide, 
nitride, carbide, sulfide, fluoride, selenide and telluride comprising at least one selected from the above-mentioned 
elements. More specifically, Cr, Mo, W, Si, Ge, Te, Ge-Cr, Ge-Mo, Ge-W, Si-Cr, Si-Mo, Si-W, Ge-Te, Sn-Te, Pb-Te, Sb- 
Te, Bi-Te or the like can be used. For the above-listed compounds, materials in the vicinity of the stoichiometric com- 
position can be used, or materials that are outside of the stoichiometric composition can be used, if necessary. This 
point also applies to the intermediate layer, etc. in the first embodiment. 

[0099] The reflective layer 36 is formed to adjust the reflectance and the absorptance with respect to the laser beam 

38 and the phase of reflected light, reduce the thermal load in the recording thin film, or the like. The reflective layer 
preferably is formed of a metal material having a relatively high heat conductivity such as Al, Au, Ag, Cu or the like, 
especially Au, Ag, Cu, which have a refractive index of less than 0.5 at a wavelength in the 600nm range, or an alloy 
material based on these metal materials. Above all, an Ag alloy is excellent in the heat conductivity and the optical 
constant, and is less expensive than Au having equal characteristics. In particular, a material containing 10at% or less 
of Pd, Cu, Ti or the like in addition to Ag hardly is corroded, and is preferable in view of environmental resistance and 
reliability. 

[0100] Furthermore, in the optical information recording medium, as shown in Fig. 7, it is preferable to provide an 
interface layer 39 between the lower protective layer 32 and the recording layer 33 and/or the recording layer 33 and 
the upper protective layer 34 for the purpose of accelerating the crystallization of the recording layer 33. Among the 
materials used for the lower protective layer 32 and the upper protective layer 34, there are some dielectric materials 
that function as the interface layer 39. The interface layer 39 can be formed of one of those materials, but especially 
a material comprising a nitride of Ge as a main component is most preferable. Furthermore, such an interface layer 

39 can improve the erasing characteristics. 

[0101] The protective layer 32, the recording layer 33, the upper protective layer 34, the light absorption layer 35, 
the reflective layer 36 and the interface layer 39 can be formed in the same manner as in the first embodiment. 
[0102] Furthermore, as shown in Fig. 6, the optical information recording medium can be a single plane one-sided 
disk by being overcoated with a ultraviolet curable resin. Furthermore, the optical information recording medium of this 
embodiment can be used as a two-sided disk, as described in the first embodiment. In addition, the optical information 
recording medium of this embodiment can be used as a one-sided disk by attaching a dummy substrate to the surface 
of the film so that they are opposed to each other. 

[0103] The optical information recording medium of this embodiment is characterized by a combination of the ma- 
terials and the thicknesses of the light absorption layer 35 (having a refractive index n,, an extinction coefficient k^ 
and an thickness d n ) and the reflective layer 36 (having a refractive index r^, an extinction coefficient k 2 , and an 
thickness d 2 ). Hereinafter, the function and the effect of each layer will be described. 

[01 04] Optically, when the refractive index r^ of the light absorption layer 35 is appropriately larger than the refractive 
index n 2 of the reflective layer 36, both Acry/Aamo and AR can be large. The difference in the refractive index An = n t 
- n 2 preferably is 2 to 6, and more preferably 3 to 6. 

[0105] The above-described ranges can be supported by the following optical calculation: The refractive index, the 
extinction coefficient and the thickness of each layer of the multi-layered film are determined. With respect to all the 
interfaces, an equation for light energy at each interface is formulated based on the law of the conservation of energy, 
and the simultaneous equations for all the interfaces are solved, so that the reflectance and the transmissivity of the 
entire multi-layered film and the absorptance of each layer can be calculated. This approach is well-known, for example, 
as a matrix method (e.g., "Wave Optics" by Hiroshi Kubotaetal., Iwanami Shoten, 1971). Herein, Acry/Aamo and AR 
were calculated with respect to a multi-layered structure medium including the substrate 31 / the lower protective layer 
32 (an arbitrary thickness) / the recording layer 33 (10nm) / the upper protective layer 34 (arbitrary thickness) / the light 
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absorption layer 35 (thickness d t ) / the reflective layer 36 (80nm) from the side to which laser beam (a wavelength of 
660nm) is incident. 

[0106] In this case, the calculation was performed with the following refractive index n and extinction coefficient k: 
n = 1 .6 and k = 0.0 for the substrate 31 ; n = 2. 1 and k = 0.0 for the lower protective layer 32; n = 4. 1 and k = 1 .6 in the 
crystalline state of the recording layer 33; n = 3.9 and k = 4.2 in the amorphous state thereof; n = 2.1 and k = 0.0 for 
the upper protective layer 34; n = n t and k = k t for the light absorption layer 35; and n = r^ and k = k 2 for the reflective 
layer 36. 

[0107] With respect to various combinations of and n 2 , the maximum value of AR in the range of Acry/Aamo ^ 
1.0 was calculated, while changing k lP k 2 , and d-j arbitrarily. Table 1 shows the results. In Table 1 below, 'A' and "B" 
are expected to provide a recording medium with sufficient characteristics for practical use, "C" possibly provides a 
recording medium with sufficient characteristics for practical use, depending on the specification of the density, linear 
velocity, the recording and reproducing system or the like, and *D m fails to provide a practical recording medium. More 
specifically, "A" shows that the maximum value of AR that satisfies the requirement Acry/Aamo ^ t .0 is 15% or more 
in some structures. "B" shows that the maximum value of AR that satisfies the requirement is 10% or more and not 
more than 15% in some structures. "C" shows that the maximum value of AR that satisfies the requirement is 5% or 
more and not more than 10% in some structures. "D B shows that there are no structures where the maximum value of 
AR that satisfies the requirement is 5% or more. 
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[0108] The results shown in Table 1 indicate that An = n 1 -n 2 preferably is at least two, and more preferably at least 
three. 

[01 09] When the thickness of the light absorption layer 35 is excessively small, the optical effect of the light absorption 
layer 35 is small. When the thickness of the light absorption layer 35 is excessively large, the optical effect of the 
reflective layer 36 is small. Therefore, it is necessary to make the thickness of the light absorption layer 35 so that 
incident light is transmitted and reflected appropriately. The experimental results of the examples that will be described 
later confirmed that a preferable range of the thickness d, of the light absorption layer 35 is 0,1 A/(n 1 k t ) ^ d., <, 1 .OX/ 
(n., • kj), where X is a wavelength of incident light, and more preferably 0.2X/(n 1 • k 1 )<d 1 <0.8 X/(a, • k-t). 
[0110] In order to obtain a cooling ability, a material having a large heat conductivity is used for the reflective layer 
36, so that the mark widths are uniform to reduce jitter. The heat conductivity of the reflective layer preferably is, for 
example, 50W/m-K or more under temperature conditions in the vicinity of 300K, more preferably 100W/m»K or more, 
and most preferably 150W/m*K or more. In order to obtain a further sufficient cooling ability, the experimental results 
of the examples that will be described later confirmed that the thickness dg of the reflective layer 36 preferably is equal 
to or more than the thickness dj of the light absorption layer 35, more preferably 1.5 times the thickness o^ or more, 
and most preferably twice the thickness dj or more. 

[011 1] The method for producing the optical information recording medium, the method for recording and reproducing 
information thereon, and the apparatus for recording and reproducing information thereon in this embodiment are the 
same as those in the first embodiment. 

[0112] In the example above, the thickness of the recording layer was 10nm, but the present invention is not limited 
thereto. 

Third Embodiment 

[0113] In this embodiment, an optical information recording medium comprising at least two multi-layered films in- 
cluding a recording layer will be described. Herein, two layers of multi-layered films (information layer), each of which 
includes a recording layer, are formed via a separating layer. 

[0114] As shown in Fig. 8, in the optical information recording medium of this embodiment, a first information layer 
42, a separating layer 43, a second information layer 44, and a protective layer 45 are formed on a transparent substrate 
41 in this order. Each of the first information layer 42 and the second information layer 44 includes a recording layer. 



11 



EP 0 978 831 A2 



The recording layers are irradiated with laser light from the side of the transparent substrate so that information is 
recorded and reproduced. 

[0115] For the second information layer 44 of this embodiment, the multi-layered film as described in the above 
embodiments can be applied. For the first information layer 42, it is preferable to use a multi-layered film including a 
* recording layer, a lower protective layer and an upper protective layer provided on both sides of the recording layer. 
Each layer and a transparent substrate included in these multi-layered films can be formed of the materials as described 
in the above embodiments. The first information layer may be a read-only layer for reproducing information that already 
has been stored as concave-convex patterns on the surface of a transparent substrate. 

[0116] Furthermore, it is preferable that the first information layer 42 transmits at least 30% of laser light irradiated 

10 because information is recorded and reproduced in the second information layer 44. 

[0117] For the separating layer 43, it is preferable to use a material that is transparent at a wavelength X of laser 
light and has excellent heat resistance and adhesion. More specifically, an adhesive resin (e.g., ultraviolet curable 
resin), a double-sided adhesive tape, and other various dielectric films can be used. The thickness of the separating 
layer 43 preferably is not less than 2u.m so that at the time of recording or reproducing information on either one of the 

is first information layer 42 or the second information layer 44, information in the other information layer does not leak 
thereto. On the other hand, the thickness of the separating layer 43 preferably is not more than 1 OOpim so that the total 
thickness of the separating layer and the substrate is in a substrate thickness tolerance zone in order to focus the laser 
light on both of the first information layer 42 and the second information layer 44. 

[0118] The protective layer 45 can be utilized as a substrate (protective substrate) on which the second information 
^0 layer 44 is formed. In this case, the transparent substrate 41 on which the first information layer 42 is formed and the 
protective substrate on which the second information layer 44 is formed are attached via the separating layer 43 to 
produce an optical disk. Although the same material as that of the transparent substrate 41 can be used as the material 
of the protective substrate, it is not necessary to be transparent, and other materials can be used. As for the shape of 
the surface of the substrate, it is not necessary to use the same shape as that of the surface of the transparent substrate. 
For example, the shape of the guide grooves consisting of grooves and lands can be different, or the spiral direction 
of the guide grooves can be opposite. Furthermore, if a guide groove is formed on the surface of the separating layer 
on the side of the second information layer, for example, by a 2P (photo-polymerization) method, the surface of the 
protective substrate may be smooth. Furthermore, the protective layer 45 may be formed on the second information 
layer 44 formed on a transparent substrate. Such a protective layer can be formed by attaching a resin sheet, for 
30 example by spin coating or with an adhesive. 

[0119] An example of a production method of this embodiment will be described. The first information layer and the 
second information layer are formed on the surfaces of the transparent substrate and the protective substrate on each 
of which guide grooves are formed by sputtering or the like, as described above. Then, an ultraviolet curable resin is 
applied onto the surface of the first information layer and the second information layer so as to form the separating 
35 layer. Furthermore, the transparent and the protective substrate are pressed so that the first information layer and the 
second information layer are opposed to each other via the separating layer, and irradiated with ultraviolet rays so as 
to cure the separating layer. 

Examples 

40 

[0120] Hereinafter, the present invention will be described more specifically by way of examples. However, the 
present invention is not limited to the following examples. 

Example 1 

45 

[0121] A polycarbonate resin having a thickness of 0.6mm was used as a substrate. Lands and grooves, each of 
which has a width of 0.6ujti, were formed on the substrate. The depth of the groove was about 70nm. 
[0122] Lower protective layers having a thickness of about 1 200 nm were formed with a target of ZnS-Si0 2 (the ratio 
in the number of molecules ZnS: SiO2=80 :20) on the substrate. Recording layers with various thicknesses were formed 

so thereon with a target of Ge-Sb-Te (the ratio in the number of atoms Ge: Sb: Te =22 :25: 53). Upper protective layers 
with various thicknesses were formed thereon with a target of ZnS-Si0 2 (the ratio in the number of molecules ZnS: 
SKD2=80 :20). Intermediate layers having a thickness of about 40nm were formed thereon with targets of various ma- 
terials. Reflective layers having a thickness of about 40nm were formed thereon with targets of various materials. These 
layers were formed by sputtering and laminated one after another. The sputtering targets for all the layers had a diameter 

55 of 1 0cm and a thickness of 6mm. All the layers except the recording layer were formed in an Ar gas, and the recording 
layer was formed in a mixed gas of Ar and N 2 (a total pressure of 2mTorr and a partial pressure of N 2 gas of about 5%). 
[0123] The thus obtained optical disks were overcoated with an ultraviolet curable resin, and annealed with laser 
light so that the entire surface was crystallized for initialization. Thus, optical disks Nos. 1 to 21 were produced. These 
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optical disks were produced by intentionally changing the thicknesses of the recording layer and the upper protective 
layer and the materials of the intermediate layer and the reflective layer in order to investigate the dependence of cross 
erase on the material and the thickness structure. 

[0124] Table 2 shows the thicknesses of the recording layer and the upper protective layer and the materials of the 
s intermediate layer and the reflective layer of each optical disk. 

[0125] Mark edge recording was performed at a linear velocity of 6.0m/s (the radius position is at about 32mm and 
the rotation number is about 1800rpm) on these optical disks using an optical system with a wavelength of 660 nm 
and an NA of 0.6, and cross erase was measured. 

[0126] More specifically, first, a 3T signal with 9.7MHz was recorded on a groove, and this track was reproduced so 
10 as to measure an amplitude Aq of the 3T signal with a spectrum analyzer. Then, an 1 1T signal with 2.6MHz was recorded 
on lands adjacent to the groove on both sides, and the groove was reproduced again so as to measure an amplitude 
A 1 of the 3T signal with the spectrum analyzer. The thus measured drop amount AA = A t -Aq of the amplitude of the 
3T signal was used as the index for cross erase evaluation. The same operations were performed except that the land 
and the groove are used in the other way around, and the drop amount AA' of the amplitude of the 3T signal was 
15 measured. 

[0127] Table 2 shows the evaluation grade based on the value of AA of each disk. The results of the measurement 
above showed that for ail the samples, the drop amount of the amplitude of the 3T signal was larger when the groove 
was used as the track to be measured (AA > AA'). Therefore, the evaluation was based on only the results (AA) of that 
case. The sample having a value of AA of less than 1dB is shown by "A", the sample having a value of AA of 1dB or 
^0 more and less than 2dB is shown by "B", the sample having a value of AA of 2dB or more and less than 5dB is shown 
by "C, and the sample having a value of AA of 5dB or more is shown by "D\ 

[0128] As for the laser modulation waveform for recording the signal, a single rectangular pulse with a pulse width 
of 51 3ns (powder level was used for the 3T signal. For the 11T signal, a pulse train consisting of 9 pulses (powder 
level P n ) was used. The pulse width of the leading pulse in the pulse train was 51 .3ns, the pulse width of all the pulses 
25 other than the leading pulse was 1 7. 1 ns, and the width between the pulses was 1 7. 1 ns (powder level P 3 ). In addition, 
a cooling section of 34.2ns (powder level P 4 ) was provided immediately after the last pulse. For a portion where no 
mark is to be recorded, continuous light (non-modulated light) at power level P 2 was used. 

[0129] The recording power level P t was 1 .5 times the tower limit of powers that allow the C/N ratio of the recorded 
3T signal to exceed 45dB. The power level P 2 was the median in the range of powers that allow the erasure ratio, 
30 which is a damping ratio in the amplitude of the 3T signal when the 11T signal is overwritten on the recorded 3T signal, 
to exceed 25dB. The power levels P 3 and P 4 were 1mW, which was equal to the reproducing power level. 
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No. 


recording layer 


upper protective layer 


intermediate layer material 


reflective layer material 


AA 


1 


4nm 


15nm 


Cr 


Al 


C 


2 


8nm 


15nm 


Cr 


Al 


A 


3 


12nm 


15nm 


Cr 


Al 


B 


4 


16nm 


15nm 


Cr 


Al 


C 


5 


20nm 


15nm 


Cr 


Al 


D 


6 


12nm 


3nm 


Cr 


Al 


D ! 


7 


12nm 


6nm 


Cr 


Al 


D : 


8 


12nm 


9nm 


Cr 


Al 


C 


9 


12nm 


12nm 


Cr 


Al 


B 


10 


12nm 


18nm 


Cr 


Al 


B 


11 


12nm 


21 nm 


Cr 


Al 


A 


12 


12nm 


15nm 


PbTe 


Al 


A 


13 


12nm 


15nm 


WSi 2 


Al 


A 


14 


12nm 


15nm 


Ti 


Al 


B 


15 


12nm 


15nm 


Cr 




D 


16 


12nm 


15nm 


Cr 


Ti 


D 
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Table 2 (continued) 



No. 


recording layer 


upper protective layer 


intermediate layer material 


reflective layer material 


AA 


17 


12nm 


15nm 


Al 


Cr 


D 


18 


12nm 


15nm 


Al 


ZnS-Si0 2 


D 


19 


12nm 


15nm 


Cr 


ZnS-Si0 2 


D 


20 


12nm 


15nm 


absent 


Al 


D 


21 


12nm 


15nm 


Cr 


absent 


D 



[01 30] Although the heat conductivity of each material used for the intermediate layer and the reflective layer depends 
on the temperature, approximate value ranges can be specified as follows: in the order of the largest heat conductivity, 
the heat conductivity of Al is about 150 to 250W/m»k at 30 to 600*C; 50 to 100W/rmk for Cr; 20 to 50W/m»k for Ti; 5 
to 20W/m*k for WSi 2 ; 1 .0 to 3.0W/m*k for PbTe; and 0. 1 to 0.5W/nrk for ZnS-SiG 2 . 

[01 31] Referring to Table 2, when comparing the optical disks Nos. 1 to 5, where the thickness of the recording layer 
is different, the cross erase is large for No.5, the cross erase is slightly better for Nos. 1 and 4, and the cross erase is 
sufficiently small for Nos. 3 and 4. Therefore, the thickness of the recording layer is required to be from 4nm to 16nm, 
preferably from 6nm to 14nm, in view of the reduction of the cross erase. 

[0132] Next, when comparing the optical disks No. 3 and Nos. 6 to 11 , where the thickness of the upper protective 
layer is different, the cross erase is smaller as the thickness of the upper protective layer is larger. Therefore, the 
thickness of the upper protective layer preferably is 10nm or more, and more preferably 20nm or more, in view of the 
reduction of the cross erase. 

[01 33] Furthermore, the optical disks No. 3 and Nos. 1 2 to 21 , where the materials of the intermediate layer and the 
reflective layer are different, are compared. Among them, apart from No.3, the cross erase in Nos. 12 to 14 is small. 
In these disks, Al which has the largest heat conductivity among the materials used in this example was used for the 
reflective layer, and the materials for the intermediate layers have a heat conductivity between that of the upper pro- 
tective layers and that of the reflective layers. 

[0134] On the other hand, other optical disks Nos. 15 to 21 have large cross erase. In Nos. 15 to 19, the heat con- 
ductivity of the intermediate layer is larger than that of the reflective layer. Especially in No. 17, the materials of the 
intermediate layer and the reflective layer are those of No.3 replaced by each other, and there is a large difference in 
the cross erase between Nos. 3 and 17. Furthermore, in Nos. 20 and 21 where either one of the intermediate layer or 
the reflective layer is omitted, the cross erase is large. 

[0135] Thus, it is confirmed that when a plurality of layers are laminated on a recording layer, the cross erase can 
be suppressed by selecting materials for the layers so that the layers have heat conductivities that vary from low to 
high gradually from layer to layer in the order of the closeness to the recording layer. This is because in the process 
of transmitting heat from the recording layer to the reflective layer via the upper protective layer and the intermediate 
layer, the transmitting rate is accelerated so that the heat conductivity in the plane of the recording layer is reduced, 
thereby suppressing the influence on the adjacent tracks. 

[0136] Furthermore, with respect to the structure shown as No. 3, an optical disk as shown in Fig. 3, where interface 
layers composed of Ge, 0 and N having a thickness about 10nm were formed on and under the recording layer in 
contact, was produced. The GeON film was formed with a Ge target in a gas containing Ar, N 2 and 0 2 by reactive 
sputtering. In order to investigate the repetition characteristics of this optical disk, 3T signals and 11 T signals were 
recorded alternately 10,000 or 100,000 times, and a change of the amplitude of the 3T signal from the amplitude of a 
3T signal after 10 recordings was measured. 

[0137] The results were as follows. After 1 0,000 recordings, the amplitudes of both of the No. 3 and the optical disk 
including the interface layers dropped by 0.5dB or less, which is in an error range. However, after 100,000 recordings, 
the amplitude of the disk No. 3 dropped by about 3dB, whereas the amplitude of the optical disk including the interface 
layers dropped by the same level of 0.5dB or less as before. This fact confirms that in addition to the reduction of the 
cross erase, the repetition characteristics can improve further by providing the interface layers. 
[01 38] The compositions of the recording layers of the optical disks were analyzed by an Auger electron spectroscopy. 
The results were that the ratio of N atoms was about 2.2 at%. Furthermore, a plurality of optical disks with the same 
structure as that of No.3 were formed by changing the partial pressure of the gas during the formation of the recording 
layer. As a result of analysis, the ratios of N atoms in the recording layers were about 0.0, 0.2, 0.8, 4.0 and 7.6 at%. 
[0139] In order to investigate the repetition characteristics of these optical disks, 3T signals and 11T signals were 
recorded alternately 10,000 or 100,000 times, and a change of the amplitude of the 3T signal from the amplitude of 
the 3T signal after 10 recordings was measured. 
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[0140] The results were as follows. After 10,000 recordings, the amplitude drop in all of the optical disks was 0.5dB 
or less, which is in an error range. However, after 100,000 recordings, the amplitude of only the disk having a ratio of 
N atoms in the recording layer of 0.0 at% dropped by about 2dB, whereas the amplitude of the optical disk having a 
ratio of N atoms of about 0.2 at% dropped by 1dB, and the amplitude of other disks dropped by 0.5dB or less, which 

s is within an error range. Furthermore, a 3T signal was recorded on these disks, and the amplitude of the 3T signal was 
measured. Then, the disks were stored under an environment at 90°C and a relative humidity of 80% for 100 hours, 
and then the amplitude of the 3T signal was measured so as to obtain a change in the amplitude. The results were 
that the amplitude of the disk having a ratio of N atoms in the recording layer of 7.6 at% dropped by 5dB or more, the 
amplitude of the disk having a ratio of 4.0 at% dropped by about 2dB, and the amplitude of the other disks did not 

10 substantially drop. These results confirm that a preferable ratb of N atoms in the recording layer is 0.0 to 6.0 at% and 
more preferably 0.5 to 4.0 at%. 

Example 2 

is [0141] A substrate formed of polycarbonate resin and having a thickness of 0.6mm and lands and grooves, each of 
which had a width of 0.6jim, was used. The depth of the groove was about 70nm. 

[0142] Lower protective layers having a thickness of about 150 nm were formed with a target of ZnS-Si0 2 (the ratio 
in the number of molecules ZnS: SiC>2=80 :20) on the substrate. Recording layer having a thickness of about 10nm 
were formed thereon with a target of Ge-Sb-Te (the ratio in the number of atoms Ge: Sb: Te =22 .25: 53). Upper 

20 protective layers having a thickness of about 30nm were formed thereon with a target of ZnS-Si0 2 (the ratio in the 
number of molecules ZnS: SKD2=80 :20). Light absorption layers with various thicknesses were formed thereon with 
various materials, for example, a PbTe (the ratio in the number of atoms Pb: Te = 50 :50) target. Reflective layers with 
various thicknesses were formed with various materials, for example, an Au target thereon. These layers were formed 
by sputtering and laminated one after another. The sputtering targets for all the layers had a diameter of 10cm and a 

25 thickness of 6mm. All the layers except the recording layer were formed by sputtering in an Ar gas, and the recording 
layer was formed in a mixed gas of Ar and N2 (a total pressure of ImTorr and a partial pressure of N 2 gas of about 5%). 
[0143] The reflective layers of the thus obtained optical disks were overcoated with ultraviolet curable resin, and the 
disks were annealed with laser light so that the entire surface was crystallized for initialization. Thus, optical disks Nos. 
31 to 47 were produced. These optical disks were produced by intentionally changing the materials and the thicknesses 

30 of the light absorption layer and the reflective layer in order to investigate the dependence of the recording and repro- 
ducing characteristics on the material and the thickness structure. Table 3 shows the materials and the thicknesses of 
the light absorption layer and the reflective layer of each optical disk. 

[0144] The optical constant (refractive index n and extinction coefficient k) of each layer at a wavelength of 660nm 
obtained by actual measurement are as follows: n = 1 .6 and k = 0.0 for the substrate; n = 2. 1 and k = 0.0 for ZnS-S"0 2 

35 for the lower protective layer and the upper protective layer; n = 4.1 and k = 1 .6 in the amorphous state of Ge-Sb-Te 
as the recording layer; n = 3.9 and k = 4.2 in the crystalline state thereof; n = 5.0 and k = 3.2 for PbTe for the light 
absorption layer and the reflective layer; n = 0.3 and k = 3.6 for Au; n = 1 .4 and k = 6.4 for Al; n = 2.2 and k = 4.4 for 
Pb; n = 3.6 and k = 3.4 for Cr, n = 2.5 and k = 1 .2 for TiN; n = 3.2 and k = 2.2 for PdTe; n =4.5 and k = 2.5 for Ge 80 Cr2o; 
and n = 0.3 and k = 4.0 for AgggPdjCuj. The optical calculation was performed based on these values, and Table 3 

40 also shows the calculated Acry/Aamo and AR. 

[0145] Mark edge recording was performed at a linear velocity of 6.0m/s (the radius position is at about 32mm and 
the rotation number is about 1800rpm) on these optical disks using an optical system with a wavelength of 660 nm 
and an NA of 0.6, and the following measurement was performed. First, a 3T signal with 9.7MHz and a 11 T signal with 
2.6MHz were recorded on a groove and a land alternately 11 times, and this track where the 3T signal is recorded was 

45 reproduced so that the C/N ratio and the erasure ratio were measured with a spectrum analyzer. Herein, the erasure 
ratio is defined as a difference (A 3 -A^) between the amplitude A 3 of the 3T signal and the amplitude A 11 of a 11T 
residual signal. 

[0146] Furthermore, a 8-16 modulated random signal was recorded 11 times, and jitter was measured with a time 
interval analyzer. The jitter refers to a dislocation on the time axis between a recorded original signal and a reproduction 

50 signal, and is expressed as (c sum/T) obtained by dividing a sum (a sum) of standard deviations of jitters of signals 
of 3T to 1 1 T by a window width (T) for signal detection. For example, it is known that a jitter of 1 2.8% or less corresponds 
to a bit error rate of 10~* or less, supposing the dislocation on the time axis is in the normal distribution. 
[0147] As the laser modulation waveform for recording the signal, in the case of a nT (n is an integer, 3in$1) 
signal, a pulse train consisting of (n-2) pulses (powder level P-,) was used. The pulse width of the leading pulse in the 

55 pulse train was 51 .3ns, the pulse width of all the pulses other than the leading pulse was 1 7.1 ns, and the width between 
the pulses was 17.1ns (powder level P3). In addition, a cooling section of 34.2ns (powder level P 4 ) was provided 
immediately after the last pulse. For a portion where no mark is to be recorded, continuous light (non-fnodulated light) 
at power level P 2 was used. The recording power level P t was 1.5 times the lower limit of powers that allow the C/N 
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ratio to exceed 45dB when the 3T signal is recorded. The power level P 2 was a power that provides the largest erasure 
ratio. The power levels P 3 and P 4 were 1 mW, which was equal to the reproducing power level. 
[0148] Table 3 shows the results of the measurement under the conditions described above. In the results of the 
measurement in Table 3, the sample that is sufficient for a practical recording medium is shown by *B", the sample 

s that is particularly excellent is shown by "A", the sample that is insufficient but possibly usable depending on the spec- 
ification of the density, linear velocity and the recording and reproducing system is shown by "C", and the sample that 
cannot be used is shown by m D\ More specifically, as for the C/N ratio, "A" corresponds to 53dB ore more, *B" corre- 
sponds to 50dB or more and less than 53dB, m C corresponds to 47dB or more and less than 50dB, and "D" corresponds 
to less than 47dB. As for the erasure ratio, "A" corresponds to 24dB or more, "B" corresponds to 20dB or more and 

10 less than 24dB, "C" corresponds to 1 6dB or more and less than 20dB, and "D" corresponds to less than 1 6dB. As for 
the jitter. "A" corresponds to less than 8%, "B" corresponds to 8% or more and less than 10%, "C corresponds to 10% 
or more and less than 13%, and "D" corresponds to 13% or more. 



Table 3 
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Light absorption layer 


Reflective layer 


Optical calculation 


Measurement results 




No. 


material 


thickness 
(nm) 


material 


thickness 
(nm) 


Ac/Aa 


AR(%) 


C/N ratio 


erasure 
ratio 


jitter 


20 


31 


PdTe 


20 


Au 


10 


1.12 


19.3 


B 


B 


c 




32 


PdTe 


20 


Au 


20 


1.13 


19.5 


A 


B 


B 




33 


PdTe 


20 


Au 


40 


1.15 


19.5 


A 


A 


A 




34 


PdTe 


20 


Au 


80 


1.16 


19.4 


A 


A 


A 


25 


35 


PdTe 


5 


Au 


80 


1.04 


16.5 


B 


C 


C 




36 


PdTe 


10 


Au 


80 


1.15 


18.0 


A 


B 


B 




37 


PdTe 


40 


Au 


80 


1.06 


19.6 


A 


C 


C 


30 


38 


PdTe 


60 


Au 


80 


1.06 


19.8 


B 


C 


D 


39 


PdTe 


20 


Pd 


80 


1.11 


19.8 


B 


B 


B 




40 


PdTe 


20 


Cr 


80 


1.04 


19.8 


B 


C 


C 




41 


A1 


20 


Au 


80 


0.89 


16.8 


B 


D 


D 


35 


42 


Pd 


20 


Au 


80 


0.97 


18.5 


A I 


D 


C 




43 


Cr 


20 


Au ; 


80 


1.13 


19.4 


A 


A 


A 




44 


Cr 


20 


Al 


80 


1.05 


19.6 


B 


C 


C 


40 


45 


Au 


20 


PdTe 


80 


0.93 


17.3 


B 


D 


D 


46 


TIN 


60 


Au 


80 


1.13 


18.1 


B 


A 


B 




47 


PdTe 


40 


Au 


80 


1.10 


18.5 


B 


A 


A 




48 




40 


Au 


80 


1.18 


20.1 


A 


A 


A 


45 


49 


Ge^CrgQ 


40 


AgsaPdiCui 


80 


1.18 


20.1 


A 


A 


A 



[0149] For disks Nos. 31 to 38, PbTe which has a large refractive index, was used for the light absorption layer, and 
Au, which has a small refractive index and a large heat conductivity, was used for the reflective layer. For disks No. 31 
to 34, the thickness of the reflective layer was changed. For disks No. 34 to 38, the thickness of the light absorption 
layer was changed. 

[01 50] When the disk Nos. 31 to 34 are compared, as the thickness of the Au of the reflective layer becomes larger, 
the jitter becomes better because the cooling ability is raised. When the thickness of the reflective layer is in the vicinity 
of the thickness equal to or more than the thickness of the light absorption layer, the jitter is 10% or less. 
[0151] When the disk Nos. 34 to 38 are compared, in the case of the disk No. 35 where the thickness of the light 
absorption layer is excessively small, and the disk Nos. 37 and 38 where the thickness of the light absorption layer is 
excessively large, both the optical characteristics and the evaluation results are poor. On the other hand, in the case 
of the disks Nos. 34 and 36, since the thickness of the light absorption layer is appropriate, all of the C/N ratio, the 
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erasure ratio and the jitter are satisfactory. Thus, an appropriate thickness of the light absorption layer is in a range 
from 0.1X/(n 1 • k^to 1 .OA/f^ • k,). 

[0152] For the disks No. 39 to 47, the materials of the light absorption layer and the reflective layer were changed. 
Compared to the disk No. 34, which has An = 4.7, the disk No. 40 (An = 1.4), the disk No. 41 (An = 1.1), the disk No. 
42 (An = 1.9), the disk No. 44 (An = 1.4), and the disk No. 45 (An = - 4.7) have poor optical characteristics because 
the values of An are smaller than 2 and low C/N ratios and erasure ratios, resulting in large jitters,. Although the disk 
No. 39 (An = 2.8), the disk No. 43 (An = 3.3), the disk No. 46 (An = 2.2), and the disk No. 47 (An = 2.9) have An of 2 
or more, and have satisfactory characteristics, but as the disks have smaller An, the recording and reproducing char- 
acteristics are poorer. These results show that it is preferable that An is 2.5 or more, more preferably 3 or more. 
[0153] Furthermore, with respect to the structure shown as No. 34, optical disks as shown in Fig. 7, where interface 
layers 39 composed of a GeON film having a thickness about 5nm were formed on a surface of the recording layer 33 
on the side of the substrate 31 and /or on a surface of the recording layer 33 on the side opposite to the substrate 31 , 
were produced. The GeON film was formed with a Ge target in a gas containing Ar, N 2 and O a by reactive sputtering. 
The same measurement as that for the disk No. 34 was performed with respect to these disks. The results were as 
follows. All of the disks had C/N ratios similar to that of the disk No. 34. However, with respect to the disk including the 
interface layer 39 (GeON film) only on the surface of the recording layer 33 on the side of the substrate 31 , the disk 
including the interface layer 39 only on the surface of the recording layer 33 on the side opposite to the substrate 31 , 
and the disk including the interface layers 39 on the surfaces of the recording layer 33 both on the side of the substrate 
31 and the side opposite thereto, the erasure ratios thereof improved from that of the disk No. 34 by about 2dB, about 
4dB, and about 5dB, respectively, and the jitter values were 8% or less, which is satisfactory. These results confirm 
that the interface layer 39 improves the erasure characteristics of the optical information recording medium of this 
embodiment. 



Claims 

1. An optical information recording medium comprising a transparent substrate (1 ) and a multi-layered film (10) formed 
on the transparent substrate, the multi-layered film including a lower protective layer (2), a recording layer (3) that 
changes reversibry between different states detectable optically by irradiation of light beams, an upper protective 
layer (4), an intermediate layer (5) and a reflective layer (6) in this order from a side near the transparent substrate, 

wherein, of the upper protective layer, the intermediate layer and the reflective layer, the heat conductivity 
of the layer closest to the recording layer is the smallest of the three layers, and the heat conductivities of the 
others of the three layers increase with increasing distance from the recording layer, and 

the thickness of the recording layer is from 4nm to 16nm. 

2. The optical information recording medium as claimed in claim 1 , wherein the thickness of the recording layer (3) 
isfrom6nmto14nm. 

3. The optical information recording medium as claimed in claim 1 or 2, wherein the reflective layer (6) comprises at 
least one selected from the group consisting of Au, Ag, Cu and Al. 

4. The optical information recording medium as claimed in any one of claims 1 to 3, wherein the intermediate layer 
(5) comprises at least one element selected from the group consisting of Ti, Zr, Hf , V, Nb, Ta, Cr, Mo, W, Mn, Os, 
Al, Ga, In, C, Si, Ge, Sn, Pb, Sb and Bi. 

5. The optical information recording medium as claimed in claim 4, wherein the intermediate layer (5) comprises at 
least one compound selected from the group consisting of oxide, nitride, carbide, sulfide, fluoride, selenide and 
telluride. 

6. The optical information recording medium as claimed in claim 4, wherein the intermediate layer (5) comprises a 
compound consisting of at least two elements selected from the group consisting of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, 
W, Mn, Os, Al, Ga, In, C, Si, Ge, Sn, Pb, Sb and Bi. 

7. An optical information recording medium comprising a transparent substrate (31 ) and a multi-layered film formed 
on the transparent substrate, the multi-layered film including a lower protective layer (32), a recording layer (33) 
that changes reversibly between different states detectable optically by irradiation of light beams, an upper pro- 
tective layer (34), a light absorption layer and a reflective layer (35) in this order from a side near the transparent 
substrate, 
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wherein the difference An = - n 2 between the refractive index n-, of the light absorption layer (35) and the 
refractive index n 2 of the reflective layer (36) at a wavelength X of the light beams is from 2 to 6, and 

the thickness of the reflective layer (36) is not smaller than the thickness of the light absorption layer (35). 

5 8. The optical information recording medium as claimed in claim 7, wherein the light absorption layer (35) has a 
thickness 6^ in a range of O.W(n^ k-,) < 6 A £ l.OA/fn, • fc,), where k t is the extinction coefficient of the light 
absorption layer. 

9. An optical information recording medium comprising a transparent substrate (31 ) and a multi-layered film formed 
io on the transparent substrate, the multi-layered film including a lower protective layer (32), a recording layer (33) 

that changes reversibly between different states detectable optically by irradiation of light beams, an upper pro- 
tective layer (34), a light absorption layer (35) and a reflective layer (36) in this order from a side near the transparent 
substrate, 

wherein the light absorption layer (35) has a thickness dj in a range of 0. 1 A/fnjkj) <, d 1 < 1 .0A> '(^ k^, whereX 
is is the wavelength of the light beams, and and k., are the refractive index and the extinction coefficient, respec- 

tively, of the light absorption layer at the wavelength X. 

10. The optical information recording medium as claimed in any one of claims 7 to 9, wherein the reflective layer (36) 
comprises at least one selected from the group consisting of Au, Ag, and Cu. 

20 

11. The optical information recording medium as claimed in any one of claims 7 to 10, wherein the light absorption 
layer (35) comprises at least one element selected from the group consisting of 71, Zr, Hf, V, Nb, Ta, Cr, Mo, W, 
Mn, Os, Al, Ga, In, C, Si, Ge, Sn, Pb, Sb and Bi. 

2S 1 2. The optical information recording medium as claimed in claim 1 1 , wherein the light absorption layer (35) comprises 
at least one compound selected from the group consisting of oxide, nitride, carbide, sulfide, fluoride, selenide and 
tell u ride. 

13. The optical information recording medium as claimed in claim 11 , wherein the light absorption layer (35) comprises 
30 a compound consisting of at least two elements selected from the group consisting of Ti, Zr, Hf , V, Nb, Ta, Cr, Mo, 

W, Mn, Os, Al, Ga, In, C, Si, Ge, Sn, Pb, Sb and Bi. 

14. The optical information recording medium as claimed in any one of claims 7 to 13, wherein the thickness of the 
recording layer (33) is from 4nm to 16nm. 

35 

15. The optical information recording medium as claimed in any one of claims 1 to 14, further comprising an interface 
layer (1 2) at least at one of the interface between the lower protective layer and the recording layer and the interface 
between the recording layer and the upper protective layer 

40 16. The optical information recording medium as claimed in claim 15, wherein the interface layer (12) comprises at 
least one selected from the group consisting of Ge, Si, Cr, T» and Al. 

17. The optical information recording medium as claimed in any one of claims 1 to 16, wherein the thickness of the 
upper protective layer (4, 34) is from 10nm to 200nm. 

45 

18. The optical information recording medium as claimed in any one of claims 1 to 17, wherein the recording layer (3, 
33) comprises Ge, Sb and Te. 

19. The optical information recording medium as claimed in claim 18, wherein the recording layer (3, 33) comprises 
^0 Ge, Sb and Te as main components and further comprises not more than 6.0 at% of N. 

20. The optical information recording medium as claimed in any one of claims 1 to 19, wherein at least one of the 
upper protective layer (4,34) and the lower protective layer (2, 32) comprises 60 to 100 mol% of ZnS and 40 to 0 
mol% of Si0 2 . 

55 

21 . The optical information recording medium as claimed in any one of claims 1 to 20, wherein a reflectance difference 
(Rcry-Ramo) is not less than 5%, and an absorptance ratio (Acry/Aamo) is not less than 1 .0, where Rcry and Aery 
are a reflectance that is a ratio of light beams reflected by the recording medium and an absorptance that is a ratio 
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of light beams absorbed by the recording layer, respectively, when the recording layer is crystalline, and Ramo 
and Aamo are those when the recording layer is amorphous. 

22. An optical information recording medium comprising a transparent substrate (41 ) and, on the transparent substrate, 
a first information layer (42), a separating layer (43) and a second information layer (44) in this order from a side 
near the transparent substrate, 

wherein the second information layer is the multi-layered film in the optical information recording medium as 
claimed in any one of claims 1 to 21 . 

23. A method for producing an optical information recording medium comprising: 

forming a multi-layered film on a transparent substrate, the multi-layered film including a lower protective 
layer, a recording layer that changes reversibly between different states detectable optically by irradiation of light 
beams, an upper protective layer, an intermediate layer and a reflective layer in this order from a side near the 
transparent substrate; 

wherein, of the upper protective layer, the intermediate layer and the reflective layer, the heat conductivity 
of the layer closest to the recording layer is the smallest of the three layers, and the heat conductivities of the 
others of the three layers increase with increasing distance from the recording layer, and 

the thickness of the recording layer is from 4nm to 16nm. 

24. A method for producing an optical information recording medium comprising: 

forming a multi-layered film on a transparent substrate, the multi-layered film including a lower protective 
layer, a recording layer that changes reversibly between different states detectable optically by irradiation of light 
beams, an upper protective layer, a light absorption layer and a reflective layer in this order from a side near the 
transparent substrate, 

wherein the difference An = n t - n 2 between the refractive index of the light absorption layer and the 
refractive index n 2 of the reflective layer at a wavelength X of the light beams is from 2 to 6, and 

the thickness of the reflective layer is not smaller than the thickness of the light absorption layer. 

25. A method for producing an optical information recording medium comprising: 

forming a multi-layered film on a transparent substrate, the multi-layered film including a lower protective 
layer, a recording layer that changes reversibly between different states detectable optically by irradiation of light 
beams, an upper protective layer, a light absorption layer and a reflective layer in this order from a side near the 
transparent substrate, 

wherein the light absorption layer is formed so that 0.1A/(n 1 k^)<d A < 1.0X/(n 1 k^ is satisfied, where d 1 is 
the thickness of the light absorption layer, X is the wavelength of the light beams, and n, and k n are the refractive 
index and the extinction coefficient, respectively, of the light absorption layer at the wavelength X. 

26. A method for producing an optical information recording medium comprising: forming a first information layer on 
a transparent substrate; 

forming a second information layer on a protective substrate; and 

attaching the transparent substrate and the protective substrate via a separating layer, thereby forming the 
first information layer, the separating layer and the second information layer on the transparent substrate in 
this order, 

wherein as the second information layer, a tower protective layer, a recording layer that changes revers- 
ibly between different states detectable optically by irradiation of light beams, an upper protective layer, an 
intermediate layer and a reflective layer are formed in this order from a side near the transparent substrate, 

wherein, of the upper protective layer, the intermediate layer and the reflective layer, the heat conductivity 
of the layer closest to the recording layer is the smallest of the three layers, and the heat conductivities of the 
others of the three layers increase with increasing distance from the recording layer, and the thickness of the 
recording layer is from 4nm to 16nm. 

27. A method for producing an optical information recording medium comprising: forming a first information layer on 
a transparent substrate; 

forming a second information layer on a protective substrate; and 

attaching the transparent substrate and the protective substrate via a separating layer, thereby forming the 
first information layer, the separating layer and the second information layer on the transparent substrate in 
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this order, 

wherein as the second information layer, a bwer protective layer, a recording layer that changes revers- 
ibly between different states detectable optically by irradiation of light beams, an upper protective layer, a light 
absorption layer and a reflective layer are formed in this order from a side near the transparent substrate, 

the difference An = n., - n 2 between the refractive index n 1 of the light absorption layer and the refractive 
index n 2 of the reflective layer at a wavelength X of the light beams is from 2 to 6, and 

the thickness of the reflective layer is not smaller than the thickness of the light absorption layer. 

28. A method for producing an optical information recording medium comprising: 

forming a first information layer on a transparent substrate; 
forming a second information layer on a protective substrate; and 

attaching the transparent substrate and the protective substrate via a separating layer, thereby forming the 
first information layer, the separating layer and the second information layer on the transparent substrate in 
this order, 

wherein as the second information layer, a lower protective layer, a recording layer that changes revers- 
ibly between different states detectable optically by irradiation of light beams, an upper protective layer, a light 
absorption layer and a reflective layer are formed in this order from a side near the transparent substrate, and 

the light absorption layer is formed so that 0.1X/(n 1 kj) < dj < 1 .OX/(r\yk A ) is satisfied, where d t is the 
thickness of the light absorption layer, X is the wavelength of the light beams, and ^ and kj are the refractive 
index and the extinction coefficient, respectively, of the light absorption layer at the wavelength X. 

29. The method as claimed in any one of claims 23 to 28, wherein the recording layer is formed at a rate not more 
than 200nm/min. 

30. The method as claimed in any one of claims 23 to 29, wherein the recording layer is formed in an atmosphere 
containing inert gas and nitrogen gas, where the content of the nitrogen gas is adjusted so that the recording layer 
contains not more than 6.0at% of nitrogen atoms. 

31. A method for recording and reproducing an optical information recording medium as claimed in any one of claims 
1 to 22, 

wherein when the intensity of the light beams is represented by power level P^ that can melt an irradiated 
portion instantly, power levels P 2 and P 3 (where P, > P 2 > P 3 > 0) that cannot melt an irradiated portion instantly, 
and power level P 0 (where P^ > P 0 > 0) that does not change an optical state of a recording mark and provides 
reflected beams sufficient to reproduce the recording mark by irradiation, 

at least one recording mark to be recorded in the recording layer is formed with a recording pulse train 
consisting of a group of pulses generated by modulating the light beams between the power levels P n and P 3 , 

when the recording mark is not to be recorded, the light beams are maintained at the power level P 2 , and 

information recorded in the recording layer is reproduced by irradiating the light beams at the power level P 0 . 

32. The method as claimed in claim 31 , wherein at least a part of the recording pulse train is generated so that pulse 
widths and the pulse intervals are substantially identical to other pulse widths and pulse intervals. 

33. The method as claimed in claim 31 or 32, wherein a cooling section of a power level P 4 (P 2 > P 4 > 0) is provided 
immediately after the recording pulse train. 

34. An apparatus for recording and reproducing an optical information recording medium comprising an optical infor- 
mation recording medium (1 8) as claimed in any one of claims 1 to 22, a light beam generator (1 3) for generating 
light beams with which the optical information recording medium is irradiated, and a light beam intensity modulator 
for modulating an intensity of the light beams, wherein 

when the intensity of the light beam is represented by power level P t that can melt an irradiated portion 
instantly, power levels P 2 and P 3 (where P t > P 2 > P 3 > 0) that cannot melt an irradiated portion instantly, and 
power level P 0 (where P,>P 0 > 0) that does not change an optical state of a recording mark and provides reflected 
beams sufficient to reproduce the recording mark by irradiation, 

in the case where information is recorded by forming a recording mark in the recording layer, the light beam 
intensity modulator modulates the light beams between the power levels P 1 and P 3 , so as to generate a recording 
pulse train consisting of a group of pulses, thereby forming at least one recording mark, and when the recording 
mark is not to be recorded, the light beam intensity modulator maintains the intensity of the light beams at the 
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power level P 2 , and 

in the case where the information recorded in the recording layer is reproduced, the light beam intensity 
modulator maintains the intensity of the light beams at the power level P 0 . 
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